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ABSTRACT 
A single specimen of the terebratulid brachiopod, Rectithyris subdepressa 
(Stoliczka, 1872) from the Late Cretaceous (Maastrichtian) Kallankurichi 
Fonnation of southern India was found with durophagous predation traces. 
This occurrence is significant as it is possibly the first documentation of 
elasmobranch shark predation on brachiopods from the Mesozoic. 
INTRODUCTION 
Predator - prey relationships are difficult to document in the fossil record (Boucot, 
1990), though numerous cases of predation scars on fossil brachiopod shells are known 
(Alexander, 1981;1986). Among numerous potential predators on invertebrates, shell 
piercing and crushing sharks are most notable for leaving well defined puncture holes 
(Hansen and Mapes, 1990). In a preliminary review of predation upon brachiopods 
throughout the Phanerozoic, Alexander (1985) found high frequencies of predation (up 
to 75% of shells per species) for Paleozoic brachiopods, but could document no single 
instance of predation on Mesozoic brachiopods. He hypothesized that the post-Paleo­
zoic decline in predation might reflect several phenomena, including a shift in duro­
phagy from bracb.iopods to molluscs, as the bivalves increasingly replaced the 
brachiopods in most shelf environments (Gould and Calloway, 1980; Walsh, 1996). 
Articulate brachiopods today have repellant, noxious-tasting flesh that insures that 
they are commonly not chosen as prey in modem marine environments (Thayer, 1981; 
1985). Onset of this adaptation may be linked to the brachiopod/bivave replacement, 
or may have a Paleozoic history (cf. Thayer and Allmon, 1991). 
RESULTS 
The Late Cretaceous (Maastrichtian) Kallankurichi Formation crops out in the 
Tancem Mines area of the state of Tamil Nadu, India (Figure 1). A diverse fauna of 
bivalve oysters, echinoids, brachiopods, gastropods and ammonites has been described 
(Stoliczka, 1872; Radulovic and Ramamoorthy, 1992) from the arenaceous limestones 
(Sundram and Rao, 1986). These sediments may be interpreted as representing shal­
low-water, marine deposition in high-energy environments. 
Trace fossils attributable to predation are termed Praedichnia, and in the case of 
shark predation upon brachiopods, are usually expressed as holes in the skeleton not 
located at the cardinal margins (Ruggiero, 1990). A single specimen of the large (up 
to 74 111m length) terebratulid brachiopod, RectithJris subdepressa (Stoliczka, 1872) 
was collected from the Mines that has three holes on the pedicle valve (Figure 2) that 
are possibly Praedichnia traces. 
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FIGURE 1. Geographic and stratigraphic location in state of Tamil Nadu, southern India. 
Three holes are present at midvalve. They are crescent shapes with the concave 
sides directed posteriorly. Hole widths (posterior to anterior) are over twice as great as 
hole lengths. Widths range from 6.86 mm to 10.04 mm, while lengths range from 3.24 
mm to 4.45 mm. Hole edges are sharp There is no evidence of major deflection of 
growth lines to indicate growth continued after the attack. The hypothesis of a 
post-mortem attack cannot be falsified. The brachial valve shows no punctures, but a 
single long crushing indentation of the valve. This indentation runs parallel to the holes 
in the pedicle valve and is also present at midvalve. Assymmetric hole number and/or 
shape on opposite sides of brachiopod prey fossils is common (Hansen and Mapes, 
1990). 
DISCUSSION 
No shark teeth have ever been found in the Kallankurichi Fm., though presence of 
Praedichnia onR. subdepressa is implicit evidence that sharks were top level carnivores 
in the southern Indian basins as they were in most marine environments during the 
Cretaceous (Welton and Farish, 1993). Lack of shaik fossils in the Kallankurichi Fm. 
is probably due to low collection effort - the formation has not been bulk-collected for 
paleoecological purposes. 
Though the transition from brachiopod dominance to bivalve dominance in marine 
paleocommunities was abrupt (Gould and Calloway, 1980; Walsh, 1996), brachiopods 
were locally quite abundant in Mesozoic environments (Aberhan, 1994 ). The predation 
documented here is significant for evolutionary paleoecology as it is potentially the 
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FIGURE 2. Praedichnia marks on Rectithyris subdepressa (Stoliczka, 1872). (X !). 
first evidence of Mesozoic predation by durophagous sharks on brachiopods. Brachi-
opods might not have been the first choice of prey for Mesozoic predators, but the food 
source was utilized if necessary, as brachiopods are today (Thayer, 1985). 
Boucot (1990), in an extensive review of all behavior evidence among fossils, 
divided all case-studies into reliability categories. These range from category 1 in 
which the behavior is "frozen" in-place, with no doubts about its genesis, to category 
7 in which the evidence is speculative, with "little to no reliability". Using this 
established scheme, the brachiopod specimen here would be placed within categol}' 4. 
Boucot ( 1990) reserves this category for evidence in which the behavior is definitely 
known (in this case, puncture holes that penetrate through shell material), but the 
organism that produced the behavior is still inconclusive, though sharks remain the 
prime candidates. 
Whatever the identity of the predation species, it is equally significant that R 
subdepressa is a terebratulid, as the Class shov.'s the lowest levels of of predation 
damage throughout the Phanerozoic (Alexander, 1985). Perhaps the marked decrease 
in post-Paleozoic predation upon brachiopods does not reflect advent of noxious flesh 
late in brachiopod history as an adaptation to the Mesozoic marine revolution in 
predation (Vermeij, 1977; 1987), but instead reflects only the post-Paleozoic survival 
and dominance of a Class (Terebratulida) only rarely chosen as prey ever in the 
Phanerozoic brachiopod faunas. 
Falsification of the initial hypothesis that this is indeed an example of shark 
Praedichnia requires enhanced sampling from the Kallankurichi Formation. Bulk 
samples supplemented by surface collection of large specimens (Dennison and Hay, 
1967; Stanton and Evans, 1972) should be completed, with an eye toward potential 
predators - primarily sharks, but even for invertebrate predators, such as large lobsters. 
Globally, more data on predation upon brachiopods, especially fossil terebratulids, are 
needed to expand the seminal study of Alexander (1985). 
48 VIRGINIA JOURNAL OF SCIENCE 
ACKNOWLEDGEMENTS 
R. K. collected the fossils from the Kallankurichi Fm. in India, and prepared them. 
R. A. H. and R. K. jointly reviewed the fossil predation literature. R. A. H. wrote and 
revised the manuscript. 
LI1ERA TURE CI1ED 
Aberhan, M. 1994. Guild structure and evolution of Mesozoic benthic shelf commu-
nities. PALAIOS 9(6): 516-545. 
Alexander, R.R. 1981. Predation scars preserved in Chesterian brachiopods: probable 
culprits and evolutionary consequences for the articulates. Journal of Paleontology 
55(1): 192-203. 
Alexander, R. R. 1985. Frequency of sub lethal shell-breakage in articulate brachiopod 
assemblages through geologic time, pp. 159-167. In, P.R. 
Racheboeuf and C. C. Emig, (eds.), Les Brachiopodes fossiles et actuels. Biostrati-
graphie du Paleozoique 4, Paris, 500 pp. 
Alexander, R.R. 1986. resistance to and repair of shell breakage induced by durophages 
in Late Ordovician brachiopods. Journal of Paleontology 60(2): 273-285. 
Boucot, A. J. 1990. Evolutionary Paleobiology of Behavior and Coevolution. Elsevier, 
Amsterdam, 725 pp. 
Dennison, J. M. and W. W. Hay. 1967. Estimating the needed sampling area for 
subaquatic ecologic studies. Journal of Paleontology 41: 706-708. 
Gould, S. J. and C. B. Calloway. 1980. Clams and brachiopods - ships that pass in the 
night. Paleobiology 6: 383-396. 
Hansen, M. C. and R. H. Mapes. 1990. A predator-prey relationship between sharks 
and cephalopods in the Late Paleozoic. Pp. 189-192. In, A. J. Boucot (ed.), 
Evolutionary Paleobiology of Behavior and Coevolution. Elsevier, Amsterdam, 
725 pp. 
Radulovic, V. and K. Ramarnoortl1y. 1992. Late Cretaceous (Early Maastrichtian) 
brachiopods from South India. Senckenbergiana lethaea 72: 77-89. 
Ruggiero, E.T. 1991. A study of dan1age evidence in brachiopod shells. Pp. 203-210. 
In, MacKinnon, D. I., D. E. Lee and J. D. Campbell, (eds.), Brachiopods Through 
Time. A. A. Balkema, Rotterdam, 447 pp. 
Stanton, R. J., Jr. and I. Evans. 1972. Community structure and sampling requirements 
in paleoecology. Journal of Paleontology 46: 845-858. 
Stoliczka, F. 1872. Cretaceous fauna of southern India: Brachiopoda. Palaeontologica 
Indica 4(1): I-IV, 1-31. 
Sundram, R. and P. S. Rao. 1986. Lithostratigraphy of Cretaceous and Palaeocene 
rocks ofTiruchirapalli District, Tamil Nadu, South India. Records of the Geological 
Survey oflndia 117(5): 10-21. 
Thayer, C. W. 1981. Ecology oflivingbrachiopods. Pp. 110-126. In, T. W. Broadhead 
(ed.), Lophophorates: Notes for a Short Course. University of Tennessee Studies 
in Geology 5,Knox"Ville, Tennessee, 251 pp. 
Thayer, C W. 1985. Brachiopods versus mussels: competition, predation and palati-
bilit:y. Science 228: 1527-1528. 
Thayer, C. W. andR. A. Allmon. 1991. UnpalatablethecideidbrachiopodsfromPalau; 
ecological and evolutionary inlplications. Pp. 253-260. In, MacKinnon, D. I., D. E. 
SHARK PREDATION ON BRACHYOPODS 49 
Lee and J. D. Campbell, (eds.), Brachiopods Through Time. A. A. Balkema, 
Rotterdam, 447 pp. 
Vermeij, G. J. 1977. The Mesozoic marine revolution: gastropods, predators, and 
grazers. Paleobiology 3: 245-258. 
Vermeij, G. J. 1987. Evolution And Escalation: A Natural History of Life. Princeton 
University Press, Princeton, New Jersey, 527 pp. 
Walsh, J. A. 1996. No second chances? New perspectives on biotic interactions in 
post-Paleozoic brachiopod history. Pp. 281-288. In P. Copper and J. Jin, (eds.), 
Brachiopods. A. A. Balkema, Rotterdam, 373 pp. 
Welton, B. J. andR. G. Farish. 1993. The Collector's Guide to Fossil Sharks and Rays 
from the Cretaceous of Texas. BeforeTime,Lewisville, Texas, 204 pp. 
50 VIRGINIA JOURNAL OF SCIENCE 
